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Objective : We report on our experience using a compliant balloon for 
treatment of thrombi resistant to simple mechanical thrombolysis. 

Methods : We conducted a retrospective investigation of 46 consecutive 
acute ischemic stroke patients who were treated by intraarterial thrombolysis 
(IAT) between January 2008 and July 2010. We compared IAT results be- 
tween the balloon group (BG) and the simple mechanical thrombolysis (with 
microcatheter and microguidewire) group (SG). The Thrombolysis in Myocardial 
Infarction (TIMI) grading system was used for grading of the degrees of ves- 
sel recanalization. In addition, a modified Thrombolysis in Cerebral Infarction 
(TICI) score was used for post-IAT TIMI grade 2 patients. Modified Rankin 
Scale scores were used at three months for assessment of clinical outcomes. 

Results : Twenty of the 46 subjects were treated with a compliant balloon. 
The mean initial National Institutes of Health Stroke Scale score was 15.1 
in the BG and 14 in the SG. The mean time from symptom onset to ini- 
tiation of IAT was 225 minutes in the BG and 1 77 in the SG (p = 0.004). 
The overall rate of successful recanalization (TIMI grade 2 or 3) was 85% 
in the BG and 73% in the SG \p = 0.476). In the TIMI grade 2 group, 
modified TICI 2b was 90% in the BG and 16% in the SG [p = 0.001). 
Postprocedure intraparenchymal hemorrhage occurred in two subjects in 
the BG and 10 subjects in the SG [p = 0.029). No significant difference in 
clinical outcomes was observed between the BG and SG [p = 0.347). 

Conclusions : The compliant balloon showed high potential for recanalization 
following acute ischemic stroke, especially when simple mechanical thrombol- 
ysis had failed. 
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INTRODUCTION 

The effectiveness of intraarterial thrombolysis (IAT) 
with recombinant pro-urokinase for treatment of acute 
ischemic stroke (AIS) has been demonstrated in a 
randomized controlled study; however, the disadvantages 
of this treatment include increased risk of post- 
procedure hemorrhage, failure to restore blood flow 



in approximately one third of subjects, and excessive 
time requirements. 4 ' In addition, neurovascular toxic 
effects of thrombolytic agents, including blood brain 
barrier disruption, have been suggested. 7 ' 

Many investigators studying the safety and usefulness 
of mechanical thrombolysis have asserted that it is as- 
sociated with successful recanalization and better clin- 
ical outcomes for subjects with A IS. 2)6)8 - 12)14)15)18)20 " 23) 
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Mechanical techniques include microcatheter and mi- 
croguidewire aided clot disruption, balloon angio- 
plasty, suction thrombectomy, clot retrieval, and stent 
placement. Among them, mechanical disruption using 
balloons is one of useful methods for improvement of 
the recanalization rate; however, balloon angioplasty 
is associated with a potential risk of vessel rupture 
and injury to perforators. 6) To prevent this complica- 
tion, we used low-pressure, compliant balloons. 

The aim of this study is to evaluate the effectiveness 
of a mechanical technique using a compliant balloon 
in AIS patients in whom simple mechanical thrombol- 
ysis had failed. 

MATERIALS AND METHODS 

Subject selection 

Forty six subjects who had undergone IAT at our 
center between January 2008 and July 2010 were selected 
from a database. Twenty six subjects were treated with 
a simple mechanical thrombolysis (microcatheter and 
microguidewire). The other 20 subjects were treated 
with a compliant balloon and subsequent low dose IA 
urokinase, if necessary, for distal emulsification of 
thrombus. Using subjects in the simple mechanical 
thrombolysis group (SG) as controls, we investigated 
the treatment results of the balloon group (BG). 

Non-contrast computed tomographic (CT) scans 
were performed for initial evaluation of subjects pre- 
senting with AIS. Additional images, including CT 
angiography, diffusion weighted magnetic resonance 
(MR) image, perfusion MR image, and MR angiog- 
raphy were acquired when available. Subjects who 
presented within three hours after symptom onset 
were initially treated with intravenous tissue plasmi- 
nogen activator (IV tPA), if there were no contraindi- 
cations. Subjects who presented beyond three hours 
from symptom onset or with failed IV tPA therapy 
were treated with IAT. Initially, simple mechanical 
thrombolysis, including low dose urokinase and mi- 
crocatheter/microguidewire was attempted. If the tar- 



get vessel was still occluded, initiated use of a com- 
pliant balloon. 

Procedures 

The endovascular procedure was performed under 
local anesthesia in a neuroangiography suite. Standard 
femoral artery access was obtained, and a TP or larger 
bore guiding catheter was placed in the target vessel, 
just proximal to the occlusion. A microcatheter was 
introduced beyond the thrombus, and local angiog- 
raphy was performed in order to identify the distal 
burden of the thrombus and the exact location of the 
occlusion. Simple mechanical disruption using micro- 
guidewires and microcatheters was attempted before 
administration of a local injection of urokinase (50,000 
U). When the target vessel was still occluded, a com- 
pliant balloon was used. Under road-mapping, a com- 
pliant 4 x 15 mm balloon (Hyperglide, ev3, Irvine, 
CA) was advanced into the thrombus. The balloon 
was slowly inflated several times for 20-30 seconds 
using a lcc graduated pressure inflation syringe at 
the middle portion of the thrombus until recanaliza- 
tion was achieved. Then, multiple simple to-and-fro 
passages through the thrombus were performed using 
the deflated balloon, followed by an additional in- 
fusion of urokinase (20,000-50,000 U). If balloon an- 
gioplasty failed to restore blood flow, additional treat- 
ment was left to the discretion of the treatment 
physician. On average, the procedure was terminated 
around six hours after the onset of stroke. 

Data collection and outcome measurement 

Data collected included demographics, stroke risk 
factors (diabetes, hypertension, and atrial fibrillation), 
initial National Institutes of Health Stroke Scale 
(NIHSS) score, thrombus location, and time to inter- 
vention. The Thrombolysis in Myocardial Infarction 
(TIMI) grade, with a TIMI grade 2 or 3, which is con- 
sidered to represent successful recanalization, was 
used for assessment of angiographic recanalization. 19 ' 
The modified Thrombolysis in Cerebral Infarction 
(TICI) score (grade 2a, partial perfusion with in- 
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complete distal filling of < 50% of the expected terri- 
tory; grade 2b, partial perfusion with incomplete dis- 
tal filling of 50-90% of expected territory) was used 
for post-IAT TIMI grade 2.^ DynaCT scanning was 
performed immediately in the angiography suite for 
assessment of intraparenchymal hemorrhage (IPH). 
We used a modified Rankin Scale (mRS) score 
(favorable outcome, score 0-2) at three months as a 
measure of clinical outcome. 

Statistical analysis 

The Mann-Whitney U test was used for analysis of 
continuous variables, and chi-square statistics were 
used for analysis of categorical variables. We considered 
a value of p = 0.05 as a level of statistical significance. 



RESULTS 

The mean age of subjects in the BG was 67 years 
(range 36-85 years), and 12 subjects were male. The 
mean NIHSS score on admission was 15.1 ± 4.05. 
Eighteen subjects (90%) had anterior circulation stroke. 
Eleven subjects underwent IV tPA thrombolysis. The 
mean time from the onset of symptoms to the begin- 
ning of endovascular thrombolysis was 225 ± 52 
minutes. The mean age in the SG was 68 years (range 
35-91 years), and nine of the subjects were men. The 
mean NIHSS score on presentation was 14 ± 5.11 and 
22 subjects (81%) had anterior circulation stroke. 
Twelve subjects underwent IV tPA thrombolysis. The 
mean time from the onset of symptoms to the begin- 



Table 1. Clinical and radiographic data for the balloon group and the simple mechanical thrombolysis group 



Variables 

Sex 
Male 
Female 

Age (years ± SD) 
Initial NIHSS score 

Hypertension 

Yes 

No 
Diabetes 

Yes 

No 

Atrial fibrillation 

Yes 

No 
IV tPA 

Yes 

No 

Location of thrombus 
ICA 
MCA 

VB system 
tandem 

TIMI 2-3 

Yes 
No 

Modified TICI 
2a 
2b 

Hemorrhage (any type) 
Yes 
No 

Time to intervention (min) 

mRS score 0-2 at 3 months 
Yes 
No 



BG 



12 



SG 



9 
17 



67.10 ± 14.95 
15.10 ± 4.05 



12 

8 

8 
12 

9 
1 1 

1 1 

9 

10 

8 
2 
0 

17 

3 



225.70 ± 52.60 



10 
10 



68.11 ± 14.19 
14.03 ± 5.1 I 



19 

7 

10 
16 

14 
12 

12 
14 

1 1 

8 
5 
2 

19 
7 



10 

2 

10 
16 

177.96 + 51.72 



1 1 
15 



p value 
0.087 



0.815 
0.450 

0.348 



1.000 



0.552 



0.552 



0.783 



0.476 



0.001 



0.029 



0.004 
0.347 



BG = balloon group; SG = simple mechanical thrombolysis group; NIHSS = National Institutes of Health Stroke Scale; IV tPA 
intravenous tissue Plasminogen Activator; ICA = internal carotid artery; MCA = middle cerebral artery; VB = vertebrobasilar; TIMI 
thrombolysis in myocardial infarction; TICI = thrombolysis in cerebral infarction; mRS = modified Rankin Scale 
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Fig. 1. A computed tomographic scan reveals no low density lesion in the left cerebral hemisphere (A). An angiography shows oc- 
clusion of the proximal portion of the left middle cerebral artery (B) and complete recanalization of the occluded vessel after bal- 
loon thrombolysis (C). Follow-up magnetic resonance angiography one week later demonstrates complete recanalization of the left 
middle cerebral artery (D). 



ning of endovascular therapy was 177 ± 51 minutes. 
The demographic and baseline clinical characteristics 
of the study sample are shown in Table 1. 

Successful recanalization was achieved in 17 subjects 
(85%) in the BG, and in 19 subjects (73%) in the SG. 
In the TIMI grade 2 group, a modified TICI 2b was 
90% in the BG and 16% in the SG (p = 0.001). IPH 
(any type) occurred in two subjects in the BG and 10 
subjects in the SG (p = 0.043). A favorable outcome 
(mRS scores 0-2) was noted in 10 subjects (50%) in the 
BG and 11 subjects (42%) in the SG. 

Case illustration 

A 57-year-old male patient presented with a sudden 
onset of right hemiplegia and motor aphasia (NIHSS 
score 17). No apparent low density lesion was ob- 
served on the initial CT scan (Fig. 1-A). An angiog- 
raphy performed 223 minutes after the onset of symp- 
toms revealed an occlusion of the proximal portion of 
the left middle cerebral artery (MCA) (Fig. 1-B). After 
identification of the exact location of the thrombus, 
we performed simple mechanical thrombolysis using 
a microcatheter and microguidewire, however, we did 
not achieve successful recanalization. Therefore, a 
thrombus disruption was performed using a com- 
pliant balloon, and angiography demonstrated com- 
plete recanalization (Fig. 1-C). A follow-up MR an- 
giography obtained seven days later showed success- 
ful recanalization of the left MCA (Fig. 1-D). The pa- 
tient showed good recovery with a three-month mRS 
score of 2. 



DISCUSSION 

Findings of the present study provide evidence that 
thrombus disruption using a compliant balloon is a 
useful therapeutic method for subjects in whom sim- 
ple mechanical thrombolysis has failed. 1 ' In the cur- 
rent study, we analyzed differences in outcomes and 
other factors between the BG and SG. The mean time 
from symptom onset to initiation of IAT was longer 
in the BG than in the SG (225 minutes vs. 177, p = 
0.004). This discrepancy may be explained by the fact 
that we attempted recanalization of the occluded ves- 
sel using a balloon instead of repetitive simple me- 
chanical disruption in patients who were delayed to 
IAT. The occurrence of IPH after procedures was the 
only significantly different factor observed between 
the two groups. IPH (any type) occurred more fre- 
quently in the SG than in the BG (38.4% vs. 10%, p 
= 0.029). This result may be attributed to the fact that 
aggressive simple mechanical thrombolysis may have 
a potential to damage the endothelium of the oc- 
cluded vessel and can result in hemorrhage or re- 
perfusion injury into the infarcted tissue. As well as 
low-pressure, use of a compliant balloon may help to 
minimize vessel injury. 

Although clinical outcomes and the rate of success- 
ful recanalization did not differ significantly between 
the two groups, a trend toward better outcomes and 
recanalization rates was observed in the BG (50% vs. 
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42.3% and 85% vs. 73%, respectively). Among post- 
IAT TIMI 2 patients, modified TICI 2b recanalization 
rate was higher in the BG than in the SG (90% vs. 16.7%). 

Our results showed an 85% rate of partial or com- 
plete recanalization and a good clinical outcomes 
(mRS < 2) rate of 50% in the BA group. In comparison 
with the PROACT trial using IA infusion of thrombo- 
lytics, these findings demonstrate a high recanaliza- 
tion rate and good clinical outcomes. Our data are 
consistent with the results of recent studies demon- 
strating that intracranial mechanical thrombolysis was 
effective in successful recanalization 4 ' 6 ' 13-15 ' 20 ' 21 ' 

Symptomatic IPH is the most disastrous complica- 
tion of IAT. In this study, the IPH (any type) rate of 
10% (n = 2) is similar to a previously reported rate in 
a balloon series and there was no occurrence of symp- 
tomatic IPH. 11 " 13 ' Nakano et al. 12 ' performed angio- 
plasty using coronary balloons. The incidence of 
symptomatic IPH in their BG was 2.9%. In a retro- 
spective, multicenter trial with 59 AIS patients, 
Tokunaga et al. 20) shown that seven subjects (12%) ex- 
perienced hemorrhagic events after procedures and 
that severe IPH with neurologic deterioration was ob- 
served in only two subjects (4%). 

Although the effectiveness of pharmacological throm- 
bolysis has been reported, 40% of intracranial occlu- 
sions were resistant to thrombolytics. 4 ' Many reports 
have thus stressed the importance of mechanical tech- 
niques as alternative therapy. Mechanical methods, 
including the simple microcatheter/microguidewire 
technique, clot retrieval device, balloon angioplasty, 
and stent deployment have been suggested as effec- 
tive methods for recanalization of the occluded cere- 
bral vessel. 

Several mechanical devices for clot retrieval, includ- 
ing the MERCI Retrieval System and Penumbra Stroke 
System, have been devised. Many studies using these 
devices have reported that endovascular mechanical 
thrombectomy resulted in improvement of recanaliza- 
tion rates and patient outcomes. 3 ' 18 ' However, these 
devices are very expensive and are not always avail- 



able, especially in developing countries. 

Stent placement with balloon-mounted or self-ex- 
panding stents has been shown to be an effective 
therapy for AIS patients. 2 ' 10 ' 23 ' However, stent place- 
ment has some drawbacks. First, in-stent thrombosis 
may occur. Second, the long-term patency of stents is 
still unknown. Also, the limited sample sizes of these 
studies may hinder the validity of comparisons to 
other trials. Recently, a retrieval stent was used for 
mechanical recanalization. Stampfl et al. 17 ' reported a 
high rate of recanalization (88.8%) and a good out- 
come in 33.3% of patients with application of a re- 
trieval stent. Further study will elucidate the efficacy 
and safety of this system. 

Thrombus disruption using balloons is a simple and 
effective technique for achievement of successful re- 
canalization within a short period of time. Ikushima 
et al. 6 ' documented good angiographic and clinical 
outcomes with mechanical thrombus disruption, using 
deflated balloons. The rate of partial or complete re- 
canalization among their patients was 100%. In that 
study, there were no cases of IPH and a good out- 
come was reported in 71% of patients at three months 
(mRS < 2). Lum and colleagues 11 ' performed thrombus 
disruptions using soft, silicone balloons in nine AIS 
patients. Recanalization (TIMI 2 or 3) was achieved in 
89% of subjects and five subjects (56%) had good out- 
comes (mRS < 2). 

BA is associated with some potential risks, including 
vessel rupture, distal migration of thrombi during in- 
flation, perforator injury, and spasm. 6 ' Because cere- 
bral vessels are suspended in subarachnoid space, 
they are susceptible to dissection and intimal tears 
during BA. 3 ' To prevent vessel rupture or dissection, 
it is important to inflate balloons slowly. Verification 
of the exact sizes of vessels and the use of compliant 
balloons may reduce this disastrous complication. 
Ikushima et al. 6 ' stressed that the use of deflated bal- 
loons can lower the risk of BA. We used a simple 
to-and-fro technique with deflated balloons after BA 
and did not experience vessel rupture or dissection. 
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Although distal embolism of fragmented thrombi is 
another potential risk of BA, intra-arterial admin- 
istration of a small amount of urokinase (20,000~ 
50,000 U) is expected to resolve this problem. 

This study has some limitations. First, this study is 
inherently limited by small sample sizes. Second, this 
study is not a randomized trial and therefore has the 
limitation of methodology. Initially, we attempted to 
recanalize the occluded vessel by use of simple me- 
chanical techniques. When simple mechanical throm- 
bolysis had failed, we used a compliant balloon. 
Therefore, direct comparison between the SG and the 
BG may lower the statistical power of this study. 
Third, the current study is intended to demonstrate 
the effectiveness of balloons in recanalization of oc- 
cluded arteries. Therefore, we did not correlate angio- 
graphic recanalization with follow-up image outcome. 
Nonetheless, when compared with the SG, the BG 
tended to show a longer time to IAT, but a better re- 
canalization rate and a lower incidence of sympto- 
matic hemorrhage. Therefore, mechanical thrombol- 
ysis using a balloon is a useful treatment for obtain- 
ing faster recanalization in patients who received de- 
layed IAT. 

CONCLUSION 

The use of compliant balloons showed high poten- 
tial for recanalization of occluded vessels in AIS, es- 
pecially in subjects in whom simple mechanical 
thrombolysis had failed. Further investigations will be 
needed in order to elucidate the effectiveness of BA in 
prospective and randomized trials. 
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